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SEISMOLOGY is a comparatively new science; it was not until
about fifty years ago that we began to study it scientifically.
Alexis Perrey, a Frenchman, devoted his lifetime to the study of
earthquakes, .and from 1844 to. 1871 compiled a comprehensive
earthquake catalogue for the entire globe. This was issued in
parts, and is a mine of information which has been drawn upon
by workers in the subject ever since. Perrey recorded about
18,ooo earthquakes in thirty years. Mr. Mallet, of Dublin, in his
report on the Neapolitan earthquake which took place in 1857,
was among the first to introduce true scientific method in the
study. He introduced new methods of observation and took the
subject from the realms of speculation, where it had previously
been, and showed that it could be studied in a scientific way.
It can be seen from an inspection of Perrey's catalogue that
a neglect of the study of seismology was surely not due to a
want of material. It has been truly said that not an hour of
the day passes but that an earthquake takes place in some part
of the earth's crust. The neglect of the study of seismology may
be due to the difficulty and obscurity of the subject, and the fact
that man's first impulse is his safety, and he is not in a frame of
mind conducive to scientific observation when this observation
would be of value. The astronomer in his observatory has the
heavenly bodies under his inspection night after night, so that
he has named and even classified the mountains and volcanoes of
the moon. The chemist can analyze in his laboratory complex
compounds, minerals and rocks. The physicist can make his
delicate measurements o.f objects, he has before him. The
geologist, however, when he studies earthquakes, has to deal with
something very fleeting, which is generally studied by its after
effects. The shock may start in a far-distant country, 3ooo miles
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or more from the observatory, and, even were the observer
present on the ground, the origin or centrum of the shock may
often be hidden from view, some times several miles below the
surface. The wonder is not that so little but that so much has
been accomplished.
Probably the foremost living authority on seismic phenomena
is John Milne, whose earthquake observatory is now at Shide,
on the Isle of Wight. He made a practical and scientific study
of earthquakes for Japan while a resident in the employ of the
government.
The subject of earthquakescannot be understood without a
full discussion of the various theories or hypotheses regarding the
interior of the earth, that is; the earth beloW the crust. As has
been well said by a prominent geologist, " Many like to have a
theory on which they can rely implicitly and regard as final ; they
dislike to sum up evidence, and suspend judgment until sufficient
evidence is collected. This is a habit of mind which should be
discouraged, for it deludes one into the belief that he knows the
subject when he has on!y acqmred some one's opinions and
dogmas, and renders further pi-ogress exceedingly difficult to him.
In no science are there more open questions than in geology, in
none are changes of view more frequent, and in none, conse-
qu~entiy, is it more important to emphasize the distinction be-
tween fact and inference, between observation and hypothesis.
An open-minded hospitality for new facts is essential to intel-
lectual advance." His statement is correct, and shows clearly
the attitude the investigator should assume.
When. we discuss the .different theories ,about the condition of
the earth below the surface we should remember that the study
of the interior is at best a very obscure subject, being hidden
from our view. The greatest boring has penetrated a little over
a mile, the deepest boring being at Schladebagh,,Germany, about
6ooo feet deep. The deepest cation is the Grand Cation of the
Colorado River, in ,Arizona, a little over 6ooo feet deep in the
deepest part. : The deepest mine in t h e Uiiited .States is the
Tamarack, in the Lake Superior copper region, where a vertical
shaft was sunk a mile deep. The deepest artesian well is less
than a mile, in depth, It is s~n from these statements that the
crust has been penetrated but slightly. Some idea of the interior
may be obtained from the deep-seated lavas that come to. the
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surface. Notwithstanding the obscurity of the subject, facts are
accumulating year by y e a r , so that it is now fa i r ly certain which
view is correct, or at least which views can be discarded.
Most of the theories about the earth can be found in " His-
tory of Geology and Paleontology " by Karl Von Zittel, and in
our standard geologies, and are presented in the order in which
they have been taught.
FIRST THEORY.
The first theory about the earth, and the oldest one, which is
being rapidly discarded, is that the earth has a thin crust, be low
which is an interior of mel ted rock or lava. This is known as the
thin crust theory, because it supposes a crust of from 20 to 3 °
miles thickness. As the diameter of the earth is about 8000
miles, this would make a very thin crust.
Astronomers and physicists objected to this view saying the
earth behaved like a solid r igid body in space and not like a mol ten
mass. They also pointed out that the moon exer t s an attractive
force on the e a r t h and w a t e r s that cover the earth, and in
Mid-Pacific a tidal wave from th ree to four feet high is raised,
which seeks to follow the moon in its revolution. If the earth
had a c r u s t but 20 miles thick, which in its ear ly history was
much thinner, the attractive forces of the sun and moon would
have buckled up its sur face in the form of land waves. " It is
said that Lord Kelv in demonstrated mathematically that a crust
or shell of solid steel 5oo kilometers (312 miles) thick would yield
under the enormous pull of the sun and moon as if it were India
rubber." If this is correct, it is evident that if the earth had a
crust but 2o miles thick and a mol ten interior, the combined pull
of the sun and moon would buckle up the crust in land waves,
and this would take place if the crust were many miles thicker.
SECOND THEORY.
The second t h e o r y is that the e a r t h is solid th roughout and
rigid as a ball of steel. This t h e o r y is held by some astronomers
and physicists, who object to the thin c r u s t t h e o r y and hold that
the e a r t h behaves as a solid body in space. Th.is theory har-
monizes with the fact that earthquake shocks or waves are trans-
mitted from the antipodes through the solid elastic interior of
the earth. This interesting fact was proved by Milne and others
and will be explained more fully l a t e r on.
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It is said the second theory was held by Lord Kelvin. Vol-
canoes, hot springs, and other thermal phenomena are not so
readily explained by this theory as by the succeeding theories.
According to this view, if the earth were ever in a molten condi-
tion it has cooled sufficiently to become solid.
T H I R D THEORY.
The third theory is that the earth is practically solid, but
beneath the crust are vast areas or patches of molten rock. In
other words, there is a fused layer between the crust and the
solid interior. This view was supposed to meet the objections
of the astronomer and explain for the geologist the phenomena
of volcanoes, but earthquake waves could never travel from the
antipodes through the solid interior, and pass through two fused
layers of rock on opposite sides of the earth. The waves would
be destroyed. They require an elastic medium for their passage.
When this theory was first advanced geologists used it to explain
the fact that a girdle or belt of volcanoes encircles the earth.
Beginning with Kamchatka on the north, Japan, Philippines,
Borneo, Java, Sumatra, Antarctic regions, Australia, New
Zealand, are volcanic. The islands off the west coast of Africa,
Canaries, Cape Verde, St. Helena, etc., are volcanic. Iceland to
the north is volcanic. Beginning with Terra del Fuego on the
south, the entire western coast of South America is volcanic; so
is Central America, Mexico, California, Oregon, Washington,
Alaska, Aleutian Islands, back to the starting point Kamchatka.
This is only a partial list, as there are other belts or lines of
volcanoes.
FOURTH THEORY.
The fourth theory is probably the correct one, and is that the
earth is solid on account of the enormous pressure of the rocks.
It is hot enough below the surface to melt rocks, but on account
of the enormous pressure the material is pressed solid. When-
ever an enormous fissure is formed reaching to great depths, the
pressure is relieved, the rock becomesmolten and the lava reaches
the surface, forming a volcano. In the geological past fissure
flows over the surface were formed. Earthquake waves trans-
mitted through the earth below the crust can be explained by this
view, because, notwithstanding the g r e a t heat of the rocks, they
are solid and elastic and will transmit waves.
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In connection with this fourth theory it may be well to quote
Milne to make clear why the metals and rocks are not molten
or even gaseous on account of the intense heat in the interior of
the earth. Milne states : " At a depth o f 20o miles the pressure
would amount to about 60o tons to the square inch, probably
enough to squeeze the molten rock and metal back into a solid
state. At any rate a depth must soon be reached w h e r e the
pressure is great enough to effect tha t result.
" Y o u know the general law that heat expands and cold con-
tracts. Well, there are s t rong reasons for believing that most
metals and rocks can be prevented from melting under heat, if
you prevent them from expanding. O r if you have a quantity o f
molten metal, which has already expanded in melting, you can
bring it back to the solid s ta te by great pressure, just as you can
solidify liquid air by put t ing it under great pressure.
" The interior of the earth, though potentially liquid, is
actually solid and extremely dense. It would immediately become
liquid if the pressure were removed. It is hot enough to become
liquid, but by the laws of matter cannot do so without expand-
ing, and it cannot expand so long as it is squeezed down unde:"
the great weight upon it.
" You must understand that the earth, originally liquid, be-
came solid under two influences. I t began to solidify at the
surface by cooling, the crust growing thicker and thicker, and it
began to solidify at the centre by pressure, the core growing
larger and larger. This double phenomenon of solidifying con-
tinued until a solid oute r shell and a solid inner Core came closer
together in what may be called the critical region of the earth, a
region that feeds lava to volcanoes."
HEATED INTERIOR OF T H E EARTH.
Observations made in deep mines and artesian wel l s show
that it gets about one degree hotter for about every 5 ° feet of
descent. This increase is not regular, probably because different
rocks conduct heat differently. In England the increase is one
degree for 3 ° feet and one degree hot te r for 9 ° feet, but all
over the globe where observations have been made the average
is about one degree hot te r for about 5 ° feet.
T h e r e is one remarkable exception to this rule in the deep
copper mines near Lake Superior, where the increase is but one
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degree hot te r for about 200 feet. Probably the ice-cold waters
o f Lake Superior, which are near the mine, conduct the heat
away from the mines. These waters are too cold for bathing in
summer.
According to the average law of increase, the rise in tem-
perature is: I degree for 5 ° feet; Ioo degrees for 5000 feet or
about I mile (5280 feet) ; 3000 degrees for 3 ° miles.
On the surface at much less temperature than 3000 degrees
silver, copper, and wrought iron can be poured from a ladle, gold
vaporizes, and plat inum melts. A piece o f granite melts and can
be poured from a ladle like so much molten glass. But under a
pressure of 3 ° miles of rock the fusing point would rise and it
would require a higher temperature to melt granite.
The views of Prof. Milne, the noted seismologist, about the
increase o f temperature seem to be sound. He says we do not
know much about tmnperatures of over 3000 degrees, and that
all surface rocks would melt there. He also says : " Go down 40
miles and you get a temperature of 4000 degrees; at 5 ° miles a
temperature of 5000 degrees and so on until a t a depth o f moo
miles you get a temperature of Ioo,ooo degrees, which is absurd.
It is a generally accepted view that the earth's temperature in-
creases more and more slowly as you go deeper and deeper, and
after a certain point, say 200 miles, the rate o f increase is hardly
appreciable." The reason this calculation cannot be carried on
indefinitely is clearly evident. The figures indicating the tem-
perature become so large tha t , as Milne states, they are absurd.
Even the temperature o f the sun, the source o f light and heat, is
much lower according to Prof. Todd , who says in his astronomy:
" The temperature of the sun is very difficult to ascertain. Widely
different estimates have been made. Probably I6,OOO to ~8,ooo
degrees Fahrenheit is near the truth. But no artificial heat ex-
ceeds 4000 degrees Fahrenheit."
According to Moissau and Violle, who made such interesting
and important experiments with the electric furnace, 6300 degrees
Fahrenheit is the maximmn temperature reached in the electric
furnace, while others estimate the temperature to be as high as
8000 Fahrenheit. As a matter of fact we know nothing about
such high temperatures estimated for the sun, and have no
instruments to measure them, and when the estimates become so
high they are more o r less conjectural.
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ELEVATION AND SUBSIDENCE.
Inasmuch as probably 95 per cent. of earthquakes are caused
by faulting, that is, by breaking or caving in of the earth's strata,
or by the slipping or sliding of the wal ls of a fissure a f t e r the
fau l t has been formed, it becomes necessary to discuss briefly
the subject of elevation and subsidence.
The crust of the e a r t h is in a state of unstable equilibrium;
parts o f the country are r i s ing and parts are sinking. This
oscillation or change of level goes on, as a rule , very slowly,
perhaps, like a mountain, building only a foot or two in a century,
but sometimes it is paroxysmal. For example, in I835 , a f t e r a
severe earthquake on the western coast of South America, it was
found that the whole coast line of Chili and Patagonia was raised
from 2 to Io feet above sea level. The coast line of New Je r sey
is slowly sinking. According to former State Geologist Cook,
the rate is from 2 to .3 feet in a century. This is undoubtedly
correct. Old corduroy roads made of cedar t rees are found
submerged, and in some cases submerged stumps of t rees also
prove it.
The layman must distinguish, however, between land lost by
slow subsidence and land lost by wave erosion and currents. The
latter is much more rapid. For example, the land lost between
Atlantic City, or better bet,~veen Chelsea and Longport, is mainly
due to wave and cur ren t erosion. A subsidence of two feet in a
century in the vicinity of the sand dunes would have but little
effect.
When the Coast Survey made soundings a few years ago
over the submerged coastal plain in order to get the depth in
fa thoms out to the edge of the submerged continental platform,
a distance of from 75 to Ioo miles, they found beyond the m o u t h
of the Hudson a submerged cation which extended for many
miles across the submerged coastal plain to the edge of the
submerged continental platform. This cation was said to be iff
some places near ly 2ooo feet deep. As a m a t t e r of fact the
maximum depth was 2400 feet. Through this cation the Hudson
River once flowed. The cation undoubtedly shows subsidence.
Submerged cypress stumps off the coast of Carolinas and
Georgia show subsidence. Off the coast of Maine are 365 islands
and enough harbors and deep enough waters to, float all the
navies of the world. These islands are simply drowned hills.
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When the coast line sank, the hills became partially submerged
and the valleys entirely drowned. The deep water is where the
valleys are. The rock on the island is o f the same kind as that
on the mainland.
The Gulf of Mexico, near the region of the delta, is an area
o f subsidence. The Missouri, wh,ich is really the Mississippi,
rises in Montana. T h e r e is no good reason for taking the
smaller tr ibutary, which rises in Minnesota, as the main stream,
because it flows due south. The Hydrographic Survey name
the Missouri, which is the trunk stream, the Mississippi. This
noble river brings to the Gulf of Mexico the wear and tear by
erosion of the greater part of the North American Continent.
Great slices o f prairie soil 20 to 3 ° feet in thickness are carved
off, so that it is well named the Muddy River. When we con-
s ider the millions o f tons o f sediment dumped into the gulf we
wonder that it has not filled up long ago. Were it not for
subsidence this sediment could never be accommodated.
When artesian wells are put down at New Orleans and in the
delta regiort buried forests are found 200 feet below the surface
with the trees standing upright. A popular resort or pleasure
island once in the river below New Orleans has disappeared by
subsidence.
The California coast is rising. The Coas t Range of Moun-
tains whose foot hills come down to the water's edge are still
growing. The growth of mountains is very slow, perhaps a
foot or two in a century. It is this elevation and faulting, and
also the slipping of the wal l s o f various faults, that make Cali-
f o r n i a an earthquake country. If the California coast were
sinking there would be plenty o f good harbors, because the ocean
waters would come up the valleys o f the Coast Range. As it is
there is only one good harbor in California, and that is where
the Coast Range of Mountains is dissected by the Golden Gate.
In Miocene times there was a land connection 60 miles wide
betwen Alaska and Siberia. This is known as the Miocene
Bridge. In those times the camel and the horse, both o f which
were natives o f this country, and afterwards became extinct,
roamed at will from Alaska to Siberia. The climate was then
mild, and perhaps early man, who is a newcomer on this conti-
nent, came over from Asia. Be this as it may, the Miocene
Bridge subsided long ago, but the Coast Survey that made us
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more familiar with the s u b m a r i n e levels and contours of that
r e g i o n than we are with the interior par t s of A l a s k a , tell us that
the w a t e r is very shallow there.
The c r u s t u n d e r the o c e a n is cracking and c a v i n g in, and the
line of active volcanoes that m a r k s the n e a r b y r e g i o n is very
significant. Occasionally a new volcanic i s l a n d p u s h e s its head
abov.e the w a t e r . E a r t h q u a k e s a l o n g the c o a s t are f r e q u e n t and
severe. A s b e f o r e stated it is elevation and subsidence, c a u s i n g
faults, slipping, and r e a r r a n g e m e n t of the strata, that p r o d u c e
earthquakes.
The following t a b l e by K a y s e r from " An Introduction to
Geology," by Scot t , s h o w s elevation and s u b s i d e n c e in different
par t s of the G l o b e .
N O R T H AMERICA.
Rising Sinking.
East coast of Greenland. West coast of Greenland.
East coast o f N o r t h America to East coast of N o r t h America from
45° north latitude, Nova Scotia. Maine to end of Florida.
Part of Gulf of Mexico and Antilles. East coast of Central America.
Pacific coast.
SOUTH AMERICA.
Pacific coast except that of Peru. Coast of Peru.
Atlantic coast from mouth of La Atlantic coast except Uruguay and
Plata to 2o° south latitude. Sbuth Brazil.
ASIA.
Entire north coast and east coast to East coast of southern China and
3 °o north latitude. Tonkin.
South coast and Malay Archipelago. Laccadive and Maldive Islands.
Asia Minor.
EUROPE.
Peloponnesus, Sicily, Sardinia, England, north coast of France, the
Ligurian coast, Balearic Islands, Netherlands and Germany.
south coast of Spain, west coast
o f France, Ireland, Scotland, Scan-
dinavia.
AFRICA.
East coast of Red Sea, west coast Atlantic coast of Morocco, east coast
up to Gulf of Guinea. of Tripoli, north coast of E g y p t ,
Gulf o f Guinea.
WHY SO FEW GEOLOGISTS STUDY EARTHQUAKES
In a s i g n e d article in the New York Evening Post P r o f . T. A.
J a g g a r , Jr., o f the M a s s a c h u s e t t s I n s t i t u t e o f T e c h n o l o g y , is
m a d e to say : " A g r e a t c o n v e n t i o n o f A m e r i c a n g e o l o g i s t s has
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just c o m p l e t e d its deliberations in B a l t i m o r e ( D e c . , I 9 o 8 ) . All
o f t h e s e g e n t l e m e n are i n t e r e s t e d in e a r t h q u a k e s , but t h e r e are
p r o b a b l y not more than half a d o z e n m e m b e r s o f the s o c i e t y w h o
have any t e c h n i c a l o r m a t h e m a t i c a l k n o w l e d g e o f t h e m , and not
m a n y more w h o have ever e x p e r i e n c e d one. The idea that such
e x p e r i e n c e w a s i m p o r t a n t for a g e o l o g i s t w o u l d be s c o u t e d as a
j e s t . '~
T h e w r i t e r w a s inclined to take e x c e p t i o n t o P r o f . J a g g a r ' s
s t a t e m e n t and regard i t as s o m e w h a t e x a g g e r a t e d , but a f t e r
h a v i n g read a l m o s t an e n t i r e p a g e in one o f our g r e a t dailies,
a f t e r the M e s s i n a e a r t h q u a k e , devo.ted to the opinions o f t w o
g e o l o g i s t s o f p r o m i n e n c e , one o f w h o m is particularly capable,
he came t o the c o n c l u s i o n that t h e r e w a s considerable t r u t h in
P r o f . J a g g a r ' s s t a t e m e n t . One o f t h e s e g e n t l e m e n had evi-
d e n t l y not l o o k e d up the s u b j e c t s i n c e he had c o n n e d his c o l l e g e
t e x t - b o o k . T h e n , in a more or less satirical v e i n , the P r o f e s s o r
goes on t o say :
Many of these men are teachers in univers i t ies . If a Martian astronomer
were to a p p e a r suddenly in the i r mids t , a f t e r returning from a vis i t to the
Lowell Observatory at Flagstaff, w h e r e h is own existence had been so
wonderfully interpreted, the following dialogue might be expected:
" W h e r e you know the heavens so wel l . of course your own e a r t h is
to you as an open b o o k ? "
" Yes , " reluctant ly.
" You have observatories for the recording of all e a r t h phenomena."
tc No . "
" W h a t ! Did you not learn anything about local terrestrial mot ions
b e f o r e you studied the s ta r s?"
" No, we do not know anything about terrestrial movements . "
" D o you mean to tel1 me that you have not many inst ruments for
observing them ? "
" W e have the seismograph, but none of us understand it, and as for
other e a r t h mot ions , al l we know we have learned from the physic is t and
the ast ronomer ."
"But you live on the earth, and mus t have to meet every cris is as it
arises; can you foretell nothing? "
" Wel l , you see, we don ' t th ink of i t that way. W e t r e a t i t historically,
and make notes , and use a h a m m e r and a compass , and are very much
interested in the b o n e s of Jurass ic reptiles and in making maps of the rocks,
and in finding out al l about iron and coal . Bu t we have no such precise
knowledge as the ast ronomer ."
" But surely, in teaching your y o u n g men in the univers i t ies , you begin
by precise instrumental s tudy of the present e a r t h and i t s processes, and have
a vast accumulation of experience concerning those processes, in the form
of tables , measurements, formulae, curves, diagrams and computat ions? "
"No, a lmost nothing has been done in accumulating experience or em-
pirical data, except by the Japanese. When a volcanic eruption or an earth-
q u a k e occurs we send a geologis t to s tudy the resul ts , and tae writes a thick
and learned report . W e do not know anything about what the condi t ions
were during the months b e f o r e the disaster. \~re teach our young geologis ts
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first a little physics and chemistry, and a few generalities about earth process,
and then set them to work mapping ancient rocks. The highest development
of geology is the unraveling of the history of the past. We haven't time to
go into prediction and humanistic geology."
THE SCIENCE OF GEONOMY.
The above is not exaggerated. The blame does not rest with the
geologist; i t rest rather with the haphazard growth of the science, and the
proximity o f the earth has made terrestrial observation and measurement
difficult, in view of the littleness of man. This plea, however, can no longer
be urged in extenuation o f the neglect of the study of earth process. We
have a considerable knowledge of physical science, and there are many
instruments applicable to the earth. There is a very precise science known as
geodesy, which has for its object the determination o f the figure o f the earth.
T h e r e is geology, which aims to decipher earth history. Between these two
t h e r e is needed a new science, many phases of which are now being studied,
and this might well be named geonomy, the science of the laws which govern
the earth.
T h e r e is one grave difficulty in the way of rapid development of this
science, and that is expense. I t is a science that calls for the establishment
of observatories in many lands. These observatories will have for their
objects the study of the changes which are going on in the crust of the e a r t h
under them and the relations of those changes to astronomical and meteor-
ological changes. The new science, like astronomy and the study of the
atmosphere, "deals with moving things and so requires continuous local rec-
ords, through weeks and months and years. Seismographs, microphones,
magnetographs, gravity pendulums, pyrometers, tromometers, gas-collecting
apparatus, and many special instruments adapted to local needs are among
the devices with which an earth observatory should be equipped.
The natural places for establishing such observatories at first are lands
where the earth movements are most rapid, regions of -volcanoes and frequent
earthquakes. The Japanese have taken the lead in such establishment, and
the i r island empire is girdled with observatories. The wri ter has before him
a pamphlet, in English, printe'd~ in Tok io in October, 19o8, containing eleven
contributions to practical seismology by a Japanese investigator, F. Omori,
the first of which bears the significant title " On the Fore-Shocks of Earth-
quakes." Dr. Omor i declares, " My belief is that a large destructive earth-
quake will be foretold in its epicentral region by some fore-shocks," and
he substantiates his belief by exact instrumental proofs.
SICILIAN DISASTER PREDICTED.
With reference to Sicily, it is well to make note of the fact that an
American volcanologist, F r a n k Alvord Perret, has predicted disaster on
M o u n t Etna for two years past. Mr. Perret, who was decorated by the
C r o w n of Italy for his splendid service to science and to humanity on
Vesuvius in I0o6, wrote in the World's W o r k of November, 19o7: " By the
rational methods of scientific research, we know that a great eruption of
Mt. Etna is impending, the only uncertainty at present being which side of
the mountain will break open." Great volcanic eruptions are preceded by
great earthquakes, and the Messina disaster of December 28 c o m e s on an
earthquake date ("terrestrial m a x i m u m of gravitational stress") actually
platted in advance by Mr. Perret on his diagrams for 19o8. Like Dr.
Omori, he is a man w h o s e whole time is unselfishly devoted to these studies,
but he has no observatory and no adequate m e a n s of support. A few
business men in Springfield, Mass., last year came valiantly to his aid, and
now their foresight is worthy of all honor. W h e n y o u n g men think of
making science their life-work, it w o u l d be well to remember Pasteur, and
to consider carefully whether the "highest" development of the investigative
faculties may not concern itself with h u m a n e rather than with historical
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motives. To t h o s e w h o will give time a n d m o n e y to the e s t a b l i s h i n g of earth
observatories t h e r e will c o m e , b y w a y of r e w a r d , s o m e of the m o s t a s t o n i s h -
ing discoveries o f the twentieth century.
Prof. Jaggar is especially interested in earthquakes and vol-
canoes, and has done excellent work in the latter subject.
Suppose for the sake of argument many of the younger
geologists should begin the special study' of seismology. They
would have to take up their abode in some earthquake country
like Italy or Japan, because this is not an earthquake country in
the sense that Japan is. Severe earthquakes in this country are
generally separated by long intervals of time. Of course there
are exceptions. The specialist in seismology in this country
would find himself more or less handicapped for want of local
material and proper instruments. It would be like locating a
college in the prairie country, where no rocks are exposed, and
telling the students of geology to become proficient in stratig-
raphy, or telling the students who live along the gulf coastal
plainto become experts in glacial geology. Environment is often
a determining factor in deciding what investigations a man shall
pursue in geology. At all events a man would have to be well
equipped in the recent discoveries in modern seismology before
he could make observations anywhere. What is undoubtedly
needed are earthquake observatories at proper intervals over the
country, and observers who are able to interpret the readings of
the seismograph skilfully.
There are only about five seismographs in the United States,
while Japan is girdled with observatories. There is one at the
Weather Bureau Station at Washington, one at Johns Hopkins
University, Baltimore, one at Harvard University, one at the
Yerkes Observatory, Wisconsin, and one in California. Every
la rge college and university should have a seismograph. The
use of a seismograph was strikingly shown in Australia. Two
breaks occurred in the cable, one in z 88o, the other in 1888. The
infiabitants were shut off from communication with the mother
country, England, and the rest of the world. They were in a
state of uncertainty and dread, not knowing whether war had
been declared or whether some hostile foe had cut the cables.
The troops were called out and put in readiness and nineteen
days elapsed before a word came. A seismograph at the capital
would have soon reassured them and shown that the break was
due to a submarine earthquake.
EARTHQUAKES. 447
PROF. JOHN MILNE AND HIS DISCOVERIES.
M i l n e is the f o r e m o s t seismologist to-day, and received his
education at K i n g ' s College, L o n d o n , and the S c h o o l of M i n e s .
H e was employed by C y r u s F i e l d , of c a b l e f a m e , soon a f t e r his
g r a d u a t i o n t o r e p o r t on some coal fields in N e w f o u n d l a n d .
H i s next offer was from J a p a n , w h i c h country was then s e c u r i n g
the best f o r e i g n talent available t o exploit her m i n e r a l resources.
J a p a n p r o b a b l y offers a better field for the seismologist than
any o t h e r country, and M i l n e ' s a t tent ion was soon directed t o the
s t u d y of seismic p h e n o m e n a for the Japanese. H e t a u g h t them
how t o b u i l d t h e i r h o u s e s and b r i d g e s e a r t h q u a k e p r o o f as far as
possible. H e d e v i s e d a n u m b e r of seismographs, some s i m p l e in
construction, o thers more intr icate and exceedingly delicate.
J a p a n appreciated his s t u d i e s and results and placed him in
the c h a i r of seismology a t the university. S o m e of M i l n e ' s
preliminary experiments were made by drilling h o l e s of v a r i o u s
depths in the solid rock and e x p l o d i n g dynamite. The e m p e r o r
took a keen interest in the experiments to determine the veloci ty
and direction of the w a v e motion, and o f t e n h i m s e l f exploded the
c h a r g e with an electric button. M i l n e s p e n t t w e n t y y e a r s in the
s t u d y of earthquakes in J a p a n , and finally returned t o E n g l a n d ,
w h e r e his observatory for the s t u d y of s e i s m o l o g y is located at
S h i d e , on the Isle of W i g ~ .
T h e r e is one very important fact that M i l n e p r o v e d several
y e a r s ago, namely,
DISTANT ] E A R T H Q U A K E W A V E S T R A V E L STRAIGHT T H R O U G H T H E
SOLID ELASTIC E A R T H B E L O W T H E CRUST.
This is probably the most important discovery made in recent
years in seismology, and one which the general public and some
of the writers of text-books have not grasped as yet. It is doubly
important from the fact that, notwithstanding that the study of
the different theories about the earth and its interior is a very
obscure one, this proof of Milne's helps us to eliminate and
discard the thin crust and molten interior view, and~ also the
theory of a solid crust and solid interior with a pasty or viscous
layer sandwiched between.
It is very evident that an earthquake wave requires a solid
and elastic m e d i u m for its propagation, and it could not travel
from J a p a n to England b e l o w the crust through a molten mass,
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which is not, o f course, solid o r elastic• And it is also very
evident that if we consider the pasty layer view in reference to
this proof o f Milne's, it will not hold, because the earthquake
wave would have to pass through two pas ty layers before reach-
ing England, nei ther o f wh~ich is elastic or suitable for the
propagation o f earthquake waves. Now what proof has Milne
that the earthquake wave travels through the solid earth first
and not around the crust ? Namely, this : He says, for example,
if an earthquake wave were to travel from Japan to England
through the crust around the circumference, we would get two
• messages-- the one traveling through the shortest arc o f the
circumference we would get first and the one coming the longest
A B
distance we would get last, because the waves would travel in both
directions. Now as a matter of fact we only get one message
through the solid ear th, traveling along the chord of an arc.
We are indebted to articles by Milne, and also to an excellent
interview by Cleveland 'Moffett with Milne, for the interesting
and popular way in which some of these facts are set forth. For
example: If an earthquake star ts at A, it will t ravel through
the solid earth first from A to D along the chord AD, also from
A to C and A to B. The other and later waves travel along
the surface from A B C to D a considerable time afterward. It
travels through the solid elastic interior much more rapidly than
it does through the fissured crust• All the waves from far-
dis tant earthquakes reach the Isle o f Wight in practically the
same time. They travel from Japan, Borneo, and Java to
England in about i6 minutes.
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Milne says that an earthquake wave from Borneo reaches
England in nearly the same time that one from the West Indies
does, and Borneo is nearly 2000 miles farther away. This he
says is due to the fact tha t the wave from Borneo travels through
the earth at a much greater depth than the wave from the West
Indies, and consequently it travels much faster, because the
earth at a greater depth is much more elastic and rigid. Earth-
quake waves that start on the opposite side o f the globe travel
much more quickly than those that start on our side o f the globe
because they travel deeper through the more r i g i d elastic interior.
In fact the shock of a nearby earthquake may reach us through
the crust. Moffett asked Milne a leading question when he said:
" If all the earthquake waves on the opposite side of the globe
reach England in practically the same time, how do you know
in what place o r country the earthquake started ? "
CAN THE SEISMOGRAPH INDICATE IN WHAT COUNTRY THE E A R T H -
Q U A K E STARTS ?
Milne stated we recognize waves that start from different
countries, Japan, Borneo, India, South America, and other
countries by their signatures or seismograms recorded by the
seismograph. For example, an earthquake wave that has
traveled 3000 miles m a l ~ s a different signature on the photo-
graphic paper o r smoked paper of the seismograph from a wave
that has traveled 5000 miles. One that has traveled 7000 miles
makes still another record. The different signatures are due to
the distance traveled: For example, below is a message recorded
by an earthquake that has traveled a shorter distance than 3000
kilometers.
C
After the same wave has traveled 9000 kilometers, the wave
would record at another station a message o r seismogram
somewhat like this
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C
If the wave traveled a longer distance the message would be
stretched out still more.
When a great earthquake takes place on the other side of the
globe, the first waves to reach the observer on the Isle of Wight
or any other far-distant station are the so-called first preliminary
tremors recorded by the seismograph. These are the waves that
have traveled through the rigid earth far below the crust. They
have taken a short route and traveled along the chord of an arc
connecting the place where the earthquake started and the ob-
servatory where the seismographs are located. These are the
longitudinal or compressive vibrations. The large waves of the
main shock travel a f t e r these preliminary tremors. These large
waves, according to Hobbs, have in the severest earthquakes " a
length sometimes of 34 miles and a rise and fall of no less than
20 inches. They appear, therefore, to travel like a slow swell
along the earth's surface." In both the above figures the point
A, where the line begins to assume a wave-like structure, marks
the beginning of the earthquake. The wave-like line A B shows
the preliminary tremors which invariably precede heavy shocks.
The large waves which produce the heavy shock are shown at C,
and D marks where the earthquake tremors slowly become
extinct.
Milne states that " it is mostly in these preliminary tremors
that earthquakes reveal their identity. These are the rapid
waves, but the slower they come the longer it takes to record
them, and the more stretched-out they become in the seismogram.
And by carefully noting these differences, especially the time it
takes to record the tremors and the la rge waves, we get our
information. Now the time it takes to record preliminary
tremors by the horizontal pendulum of the seismograph is known
for Borneo, Java, Japan, region east of Newfoundland, West
Indies, and other places. Hence we can tell how far d'istant in
miles from the observer the earthquake occurred. The time it
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takes the shock to travel through the earth should not be confused
with the time it takes the seismometer to record it.
" Other observatories have similar data. An earthquake, for
example, occurred so many miles from the Isle o f Wight , a
certain number o f miles from Batavia, so many miles from
Argentina. We can with the help of a pair of compasses on the
map fix the place beyond question."
LASKA'S RULES (HOBBS) FOR FIXING T H E DISTANCE OF SEAT OF
DISTURBANCE IN RE2C[OTE EARTI-IQUAIZES.
" If VI be the time in minutes of the comnlencement o f the
preliminary tremors, V2 that o f the second preliminary tremors,
and B that o f the main waves in the seismogram; and if & be the
distance in megameters (I megameter equals I000 kilometers
or about 621 miles) then
I q - A ~ V 2 - - V I and
3 A = B - - V ~ .
" It has been proved by many determinations that these
fornmlas are correct to a close approximation. The), may be
stated in simple form as follows:
" ( I ) The duration o f the first preliminary tremors in min-
utes less one is-the distance of the seat of the disturbance in
niegameters.
" (2) The duration of-~all the preliminary tremors in minutes
is thrice the distance of the seat of the disturbance in mega-
mete r s . "
L O C A T I O N O F A D I S T A N T EART 0UAI  " f U R Z E S T A T I 0 X S
(uoB s).
" It is evident that if the distance o f an earthquake from the
observing station may be accurately determined, its distance from
three or more widely separated stations is sufficient to fix its loca-
tion upon the earth's surface. From two such stations its
location is fixed as at one o r the other o f the points where the
arcs described (upon a globe) from each station with radii equal
to the distance as determined from these stations, intersect each
other. The arc described by the same method from the third
station tells which of these intersections corresponds to the locus of
the earthquake. A lack of precision in any of the determinations
tends to be corrected as arcs are described" from a larger number
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of stations, and the probability of considerable error may be
gauged from the size of the so-called triangle o f error at the
intersections. The simple principle involved in this method will
be clear from inspection o f the m a p . "
i \
\ \
* ~ktor1~.
o o
f j
I /
Diagram to illustrate the location of an earthquake from observations made at threewidely
separated stations.--From Hobbs.
TIIE LARGE EARTHQUAKE WAVES.
When a portion o f the crust of the earth suddenly caves in,
o r when a great fissure opens in the crust extending across the
country for miles, or when the wal l s of a fissure already formed
and cemented together slide horizontally o r Vertically, then,
besides the waves of compression which travel through the
interior o f the earth, there are o ther waves known as the large
waves that travel along the earth's surface. They travel like a
slow swell, the crust is lifted up in long waves. After these waves
have traveled great distances across the continent, Milne has cal-
culated that then they measure from 20 to 40 miles from crest to
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crest, and their crests or swells rise two or three feet above the
level, so that mountain ranges, hills, plains, and entire cities are
lifted up a foot o r more and settle down again all together so
evenly and so very slowly that the observer does not notice it, but
the seismographs record it. In this way London, Paris, New
York, and Chicago are raised and lowered many times during a
year by these waves. It takes from Io to 2o seconds for
these waves to rise, and from Io to 2o seconds for them to fall
according to Milne.
The earth's crust is very elastic and is continually pulsing
and quivering with tremors caused by earthquake disturbances
that take place on the opposite side of the globe. It rises and
falls like the ocean. The ground rises and falls with the smaller
of these great waves about three inches, that is, it rises slowly,
taking about 15 seconds, and then subsides slowly, taking the
same time. In this way an entire city may rise and fall, but so
slowly that the observer cannot feel or notice it, bu t the seismo-
graph records it a t once.
The rise and fall of these great waves a foot or more, and
so slowly that the observer does not notice it, is the most difficult
statement for the layman to believe. Prof. Hobbs, geologist of
the University of Michigan, an authori ty on seismology, m a k e s
the same statement in hi~ book, where he says: " The large
waves o f the great Indian earthquake of I897 had a complete
period o f 22 seconds, a length o f 34 miles, and a rise and fall o f
no less than 2o inches. These waves therefore appear to travel
like a slow swell along the earth's, surface, and they would be felt
by individuals save only for the extreme slowness of their motion..
The first preliminary tremors from this; earthquake had ar~
estimated period of o. 5 to o.8 o f a second and their amplitude
was but a fraction of a millimeter.
IS THERE ANY CONNECTION BETWEEN VOLCANOES AND
EARTHQUAKES ?
It has long been known that volcanic regions are regions of
frequent earthquake. This has led many to think that there is an
intimate connection or relation between the two: Notwithstand-
ing the fact tha t earthquakes often accompany volcanic eruptions,
and the coincidences are very striking, we have very many
instances also o f earthquakes occurring" in regions far removed
from volcanoes, and also in volcanic re~ons when there is no
454 OSCAR C. S. CARTER.
connection between the two. Milne puts the subject in this way :
" The residents of a volcanic country, when seeking for the
origin of an earthquake, invariably turn towards the volcanoes
which surround them. If a neighboring volcano is in a state of
activity, it is often regarded as a safeguard against seismic
convulsions. In o ther cases, it is looked upon as the cause o f such
disturbances. In a few instances both o f these views have
apparently been corroborated.
" When we consider that an earthquake and a volcanic erup-
tion may both be the result o f some great internal convulsion,
and that first the one and then the other may take place in the
same neighborhood, it is natural to expect that when these in-
ternal forces have expended themselves in the prod.uction o f one
of these phenomena, it is not so likely that they should manifest
themselves in the other. The inhabitants o f Sicily and Naples,
we are told, regard eruptions o f Etna and Vesuvius as safe-
guards against earthquakes. From an examination of the
records o f the large earthquakes and the volcanic eruptions which
have taken place during the last 2ooo years, Dr. Naumann found
there was often approximate coincidence between the times of
the occurrence of these phenomena, suggesting the idea that the
efforts which had been sufficient to establish the volcano had at
the same time been sufficient to shake the ground. Many of the
great earthquakes of South America do not appear to have been
connected with volcanic eruptions. The great earthquakes of
the world, like those of Calabria and Lisbon, which took place
in regions that are not volcanic, have not, as Fuchs tells us, taken
place in conjunction with volcanic outbursts. In Japan and in
the Sandwich Islands, and in many other parts o f the globe, the
small earthquakes which occur almost daily do not appear to
show any connection whatever with volcanic disturbances."
To Milne's list o f the great earthquakes of the world which
had no connection with volcanic outbursts may be added the
San Francisco earthquake, the Jamaica earthquake, and the
Messina or Sicilian earthquake, 19o9. Milne then instances ex-
amples of the synchronism of earthquakes and volcanic eruptions.
One of the earliest was the destruction of Herculaneum and
Pompeii by an ash and cinder shower 79 A. D., accompanied by
severe earthquake.
At the time of the eruption of Kileau in 1789 the ground
shook and rocked so that people could not stand. The first
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eruption of the volcano I r a z u in Costa Rica, in 1783, was accom-
panied by violent earthquakes. At the time of the great ear th-
quake at Concepcion, in I835, while the waves were coming in,
two great submarine eruptions were observed. In I7~ 7, when
Riobamba was destroyed, the neighboring volcanies were not
affected, but Mt. Pas to , 12o miles distant, suddenly ceased to
throw out its usual column of water. On the :night o f December
IO, 1874, a s t rong shock was felt in New England, while at
4.45 A.M. on December I I a shock was felt in the Pic du Midi,
in the Pyrennes. In the middle o f December there were volcanic
outbursts in Iceland. Milne then says, " It is possible that these
occurrences might be the results o f some widespread disturbance
beneath the crust of the earth o r perhaps of widely-extended
earth pulsations. The probability, however, is that these coinci-
dences are accidental. When we remember that in a small area
like the northern half of Japan alone there are periods when at
least two shocks per day occur, on the average, it is impossible
for these coincidences not to exist. Less frequently coincidences
between the larger disturbances must occur. Over and above
these accidental coincidences, it would appear that in the world's
history there have been periods when earthquakes were unusually
frequent, and at such times distant countries have suffered sinml-
taneously. This does no£ imply an exact synchronism in the
single shocks. Small earthquakes or, more properly speaking,
local tremblings are a necessary accompaniment of almost all
volcanic eruptions. Tremors of this description are seldom.
however, felt beyond the crater, or at the most upon the flanks o f
the mountain w h e r e the eruption is going on. They are due to
the explosive action o f s team burst ing through the molten lava."
Besides the illustrations given above by Milne we m i g h t men-
tion a most striking coincidence that took place after his book
was written, namely, the severe earthquakes in California known
as the San Francisco earthquake, and the severe eruption of
Vesuvius, which took place at nearly the same time. This gave
rise to a widespread discussion at the time by the general reader
as to whether there was any possible connection between the two.
There is no direct connection, of course, between the two. Be-
tween these far distant places we have that profound depression,
the Atlantic Ocean, and a continent crowned with massive moun-
tain ranges.
The writer heard a member o f the California earthquake corn-
From originals furnished by Prof. John Milne, Shide, Isle of Wight.
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mittee s ta te in a lecture that the reason for the coincidence was
the general seismic condition of the globe. This may be correct,
but is rather indefinite,, and it is desirable to know what is the
cause o f the general seismic condition of the globe at any given
time of Unusual activiicy in earthquakeS or volcanoes.
If we could only believe the theory that the combined pull
of the sun and moon when in a favorable position exerts such an
enormous attractive force on the earth, parts o f which are in a
state of fearful stress and strain and ready to break, crack, slip,
o r slide, and that this attractive force does not produce a break
necessarily, bu t only determines the time when the break occurs,
then we could explain the synchronism of earthquakes and
volcanoes On different parts of the globe or, better, in different
parts of the same country. When the fissure fo rms or the walls
slide, the earthquake shock or wave travels, and the compression
and readjustment o f the walls o f fissures sometimes squeeze out
the lava forming volcanoes.
Prof. Perrey, of Dijon, who did so much for seismology and
devoted a lifetime to a preparation of a catalogue on earthquakes,
held the view that the abundance of earthquakes at certain seasons
was due to the attractiye force or combined pull of the sun and
moon. Rudolf Falb, whose predictions and writings have a t -
tracted attention,, incline.& to this view and endorses Perrey's
conclusions. In !873 he predicted the destructive earthquake of
Belluno. In 1874 he predicted the eruption of E t n a .
Milne states : " T h a t earthquakes are slightly more numerous
at these particular periods than at others is a s t rong reason for
believing that the attractions of the sun and moon enter into the
list o f causes eventually culminating in these phenomena."
Hobbs seems to think that Perrey's data are negative, because
he says: " Perrey wished to find out whether earthquakes s tand
in any relation to changes in the moon, and while the results o f
his study, as generally interpreted, furnish a negative answer to
his query, the investigation has nevertheless yielded a most im-
portant contribution to the science o f seismology."
As regards the relation o r connect ion between earthquakes
and volcanoes, Hobbs takes the same view as Milne. He says:
" It has long been recognized that the earthquake zones of the
globe are also the zones o f active volcanoes. It cannot be denied
that the coincidence is one o f great significance, but the relation
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of one phenomenon on the other is not that which has generaily
been supposed. In the clearer light o f to-day we are able to say
that volcanoes and earthquakes alike are due to the action of
those forces which have built up the near-lying mountain ranges.
To form such mountains it was necessary for great strips o f the
earth's crust to be pushed up in successive movements between
lines o f fissures. The jolting movement o f the earth blocks as
they have slipped over each other accounts for the earthquakes,
and the melted rock material, which as a result of the movement
has been squeezed out, ei ther along the fissures or, as is more
frequently the case, a t their intersections, has built up the
volcanoes. Wherever mountains are still growing, earthquakes
and active volcanoes are to be fotmd. W h e r e they have ceased
to grow, there the earth does not shake--it is dead and lava is no
longer exuded through the fissures in the surface." W h i l e this
statement in the main is correct we might find an exception to it
in the Charleston earthquake.
EARTHQUAKES AT SEA.
Inasmuch as three-fourths o f the surface of the earth is
covered with water it is to be expected that submarine earth-
quakes are very frequent. Not only are they frequent, bu t they
do fearful and appalling damage, as they are responsible for the
enormous earthquake waves at sea. A wave of water 20 to 80
feet o r more in height advances on the lowlands or rushes up
the estuaries, submerging entire villages and sometimes landing
large vessels high and dry. An earthquake, the epicentrum of
which is often hundreds of miles from shore, is somettmes
responsible for the snapping or breaking of submarine cables,
and when these breakings are frequent the loss to the companies
is enormous.
The topography of the ocean bo t tom is different from the
relief o f the dry land. T h e r e are submarine mountain chains
and submarine volcanoes that rear their crests above the ocean
as thousands o f islands in the Mid-Pacific and elsewhere. These
submarine mountains are not dissected by canyons and ravines
like the mountains on the surface, because there are no rivers,
rain, f rost , and gases o f the atmosphere to c a r r y on the work
of erosion.
Oceanography, like seismology, is a new science, started since
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the m i d d l e of the nineteenth century. The g e n e r a l outlines of
the c o a s t have been k n o w n s i n c e the time of the e a r l y explorers.
The exploration of the sea b o t t o m by s o u n d i n g s in deep vcater
was f i r s t made in 184o by S i r John R o s s , w h o was the first t o
do deep sea d r e d g i n g .
I t was not u n t i l 1872 that we learned much a b o u t the o c e a n
bottom. D u r i n g that year the Challenger was f i t ted ou t by G r e a t
B r i t a i n to s t u d y the o c e a n b o t t o m and i t s f a u n a . S o m e of the
best scientists superintended the w o r k , and for f o u r y e a r s she
sailed the oceans of both hemispheres, d r a g g i n g the b o t t o m with
ne ts and d r e d g e s and s o u n d i n g the greatest depths with steel wire
c a r r y i n g an iron w e i g h t .
A f t e r the r e t u r n of the C h a l l e n g e r it took n e a r l y t w e n t y y e a r s
to s t u d y and corrol late the i m m e n s e and v a r i e d a m o u n t of ma-
terial and data collected. L e a d e r s in science in different countries
helped. S i r W y v i l l e T h o m p s o n and Sir J o h n M u r r a y , of E n g -
l a n d , H a e c k e l , of G e r m a n y , A g a s s i z , of the U n i t e d S t a t e s ,
R f n a r d , of B e l g i u m , and others o.f e q u a l prominence h e l p e d t o
make the f i f ty r o y a l octavo v o l u m e s that make up the history
of the sea and its d e p t h s . The vessels of o t h e r nat ions have
continued the w o r k , and the B l a k e , of the U n i t e d S t a t e s C o a s t
S u r v e y , has done excellent w o r k with others, so that we know
more abou t the c o a s t line and the depths a l o n g A l a s k a , for
example, than we know of the interior.
A g r e a t por t ion of the o c e a n bed is f la t , but there are m o u n -
tain r a n g e s , b r o a d plateaus, g r e a t depressions like valleys, very
steep slopes or scarps, like t h o s e that wall in the g r e a t depths, and
lastly the steep s l o p e s at the edge of the s u b m e r g e d continental
platforms. Cuba and the s u r r o u n d i n g i s l a n d s are the crests of
s u b m e r g e d m o u n t a i n chains. The Pacific is narro.w and shallow
near B e h r i n g Strai t , but opens wide f a r t h e r south. The vast
n u m b e r of i s l a n d s in the Pacific show that the n u m e r o u s m o u n -
tain r i d g e s of w h i c h they are the tops t r e n d n o r t h w e s t and s o u t h -
east . S o u n d i n g s made by the C h a l l e n g e r and o t h e r Vessels show
a b y s s a l depths in certain p a r t s of the Pacific. The T u s c a r o r a
d e e p , east of J a p a n , e x t e n d s from the Philippines t o J a v a , one
s o u n d i n g reached 27,93 ° fee t . The A l d r i c h deep, northeast
of N e w Z e a l a n d , reaches a m a x i m u m depth of 30,93 ° fee t . The
d e e p e s t s o u n d i n g in the Pacific is 31,614 fee t , k n o w n a s the
C h a l l e n g e r d e e p , sometimes called the Nero d e e p , s o u t h of the
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Ladrone Islands, and lacks only 66 feet o f being 6 miles in depth.
A short distance off the west coast of South America are five
widely separated deeps reaching 24,000 feet.
The bottom of the Atlantic is traversed by a ridge running
the length of the ocean and dividing it into two great troughs or
valleys from I5,ooo to 20,000 feet deep. One valley is on the
American side of the ocean and the other extends south from
the British Isles. The mountain ridge separating these valleys
ends in mid-ocean in about the latitude of the Cape of Good Hope,
so that a broad basin extends down to the Antarctic regions,
where Ross deep is encountered, from i8,ooo to 24,000 feet in
depth. The greatest sounding in the Atlantic is the Blake deep,
near Porto Rico, 27,366 feet. Off the eastern coast o f the United
States for 75 to ioo miles out the water is shallow, because there
lies the submerged coastal plain, and when a vessel is wrecked
there the masts stick out o f the water, but where this coastal
plain ends is the edge of the continental platform, and the ocean
goes down abruptly to abyssal depths. In this brief description
o f the ocean bottom, which is necessary for an understanding of
submarine earthquakes, only a few of the great depths are men-
tioned. :An inspection o f the rough sketch map after Sir John
Murray will show some of the others. These, according to
Milne, are the great danger regions of the oceans' beds and
enormous sums could be saved the cable companies if we knew
their exact boundaries. Whenever we come to a sudden slope
o r scarp o r precipice in the ocean extending abruptly for many
fathoms down, we can safely say this is a danger po.int. He
says: " T h e r e have been submarine earthquakes like that of
June I5, I896 , that have shaken the earth from pole to pole.
Cables from Java have been simultaneously broken, and in I89o
three cables to Australia snapped in a moment. The great
majority of breaks in the North Atlantic cables have occurred in
the deep 3oo miles east o f Newfoundland, where there are two
slopes, one from 7o8 to 24oo fathoms in a distance of 6o miles,
and the other from 275 to I946 fathoms within 3 ° miles. On
October 4, I884, three cables lying about Io miles apart broke
simultaneously at this spot. The significance of such breaks is
greater when you bear in mind that cables frequently lie un-
injured for many years on the great level plains of the ocean
bed where seismic disturbances are infrequent."
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Cables are broken by subsidence when large areas sink bodily.
This is known as faulting, and the cable is carried along and
broken. This subsidence o r fanlting on a large scate often pro-
duces an earthquake wave at sea. the shock traveling first through
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the solid rock followed by the great sea wave. Cables are broken
also when enormous rock masses descend a steep slope. All sub-
marine earthquakes, however, do not produce sea waves.
The connection between this brief statement o f the topog-
raphy of the ocean bo t tom and submarine earthquakes, and the
lessons to be learned are that earthquakes o.f great intensity are
more likely to occur where the steep walled great deeps are
located, or w h e r e there are steep scarps o r abrupt submarine
precipices, because by the stipping of the wal l s o f a fault, sub-
sidence, or caving in o,f the ocean bed is more likely to occur
there. These are the great danger spots for cables on account
o f these phenomena which produce submarine earthquakes.
As before stated, cables laid on even submarine plains,
plateaus, or in great valley-like depressions may remain un-
affected for years, because subsidence o r caving in o f the stra ta
which causes the earthquake is more infrequent there. This
rule is not invariable, however, because earthquakes max' occur
anywhere on the ocean floor. Moreover, submarine earthquakes
are not always .accompanied by the enormous sea waves, neither
is the water always agitated on the surface. Vessels receive
sharp jolts o r jerks, and often a severe shaking, and vet the
water is unruffled oll the surface. " On February IO, I716,
vessels in the harbor o f New Pisco were so violently shaken that
both masts and ropes were broken, and yet no motion in the
water was observed. Some have described these shocks like
those which would be produced by the sudden dropping of large
masses o f ballast in the hold o.f the vessel." Milne states:
" F r o m the rattling sound which has accompanied some of these
submarine shocks, many of which have never been recorded as
earthquakes on the neighboring shores, it does not seem im-
probable that they may have been the result o f the sudden con-
densation o f volumes of s team produced by submarine volcanic
eruptions. As confirmatory o.f this supposition we have the fact
that many of the marine disturbances, which might be called sea-
quakes, have been observed in places which are close to o r in the
line o f volcanic vents."
Most of the submarine earthquakes have been recorded on
shore. " For example, a t the time of every moderately severe
earthquake which has shaken Yokohama, the same disturbance
has been felt on board the ships in the adjoining harbor. In
some cases the effect had been as if the ship was groundino-, in
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others as. if a number of sharp j e r k s were being given to the
cable. At the earthquake in St. Thomas, in 1868, it is said that
the water receded shortly before the first shock. When it re-
turned after the second shock, it was sufficient to throw' the
United States ship Mononghela high and dry. Another A m e r -
ican ship, the Wateree, was also 10st in 1868, being swept a
quarter of a mile inland by the sea wave which inundated Arica,
The sea waves o f 1877 removed it still farther inland. At the
time of the Jamaica earthquake, in 1692, the sea drew back for a
distance of a mite. On October 28, 1724, Lima was destroyed,
and on the evening of that day the sea rose in a wave 8o feet
high over Callao. Out of the 23 ships in the harbor, 19 were
sunk and 4 others were carried far inland. The first movement
which is usually observed is a drawing back of the waters, and
this is so well k n o w n to precede the inrush o f large waves that
many of the inhabitants o f South America have used it as a
timely warning to escape towards the hills, and save themselves."
During,the Charleston earthquake of 1886 there were hundreds
of vessels in the vicinity, bu t only five felt the shock and these
were located in a line with the greatest disturbance on land. A
ship, the Nina Mathilde, when 37 miles northeast of Charleston
Light, received such a severe shock that the crew were thrown
out of bed. This ship was in an unusually favorable position
to receive shocks over th'e*'line of disturbance.
SEISMOGRAPH.
Seismometers o r seismographs, as they are more generally
termed, are instruments for detecting o r measuring the' ear th-
quake shock or wave. Some of the modern ones are extremely
delicate and sensitive, so sensitive, in fact, according to Milne,
that if the solid column of masonry communicating with the
rocky floor be pressed with the hand, the seismograph which
rests on the masonry will be affected, and the horizontal boom or
pendulum will be set in rapid vibration. If two Milne seismo-
graphs provided with horizontal pendulums be put on high build-
ings opposite each other on one of London's traffic streets when
crowded with the heavy drays, they will show that the tops o f
the buildings bend over slightIy towards each other.
Rude fo rms of seismographs were in use for indicating the
direction from which the shock came long before the most ele-
mentary facts about seismology, were known. One form long in
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use and of simple construction was a circular vessel filled to the
top with mercury. Around the top was a ring of holes cor-
responding in position to the points o f the compass. During an
earthquake shock the vessel was shaken and the mercury spilled
out into a compartment. A shock from the southeast would spill
the mercury into the northwest compartment. The earliest
self-registering seismograph was simply a vertical pendulum with
a. flexible marker on the bottom, which made a mark when it was
'shaken by an earthquake on a flat glass plate underneath. The
simple vertical pendulum registers only the horizontal movements
of, tim,earth.
What is needed is the recording of the vertical movement as
well as what corresponds to the north and south and east and west
movements. Most o f the recent seismometers register horizontal
movements. The horizontal pendulum consists o f a mast to
which a boom or pendulum moving horizontally is attached by a
stay from the top of the mast . The boom ends in a steel point
which fits in a concave agate on the mast to insure freedom of
movement. The other end of the pendulum which vibrates hori-
zontally is provided with a needle o.r m a r k e r which records its
movements on a piece of Smoked paper moved by clockwork.
Sometimes there is a pen o.ll the end which m a r k s on the white
paper. In another form the motion o.f the beam is photographed
on paper on a revolving drum moved by clockwork. I t is neces-
sary to get the exact time of arrival o.f the earthquake. In order
to do this a clock with an error o f not more than two seconds per
week is employed.
The Agemennone, Vicentini, and Weichert seismographs con-
sist of single vertical pendulums. The Von Reuber-Ehlert,
Milne, and Omor i seismographs have horizontal pendulums.
There is a seismograph that registers the vertical motion of the
earth. The horizontal pendulum seismographs are always used
in pairs. One is arranged so as to register the north-south com-
ponent of the earth motion, the o ther the east-west component.
P r o f . C. F. Marvin, o4 the Weather Bureau, who. has made
some ingenious improvements in registering the seismogram o,-
earthquake message, says : " None of the existing seismographs
is adapted to register all kinds of earthquake motion. If we
wish to. record microseismic motions we must get one sort o f
instrument, a different instrument for the satisfactory registra-
tion of larffe distant disturbances, and a third tvne o f instrument
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for d a m a g i n g or destructive shocks. The existing instruments
of the first two. types, if not completely cracked when subjected
to destructive shocks a t l e a s t are seriously disordered in most
c a s e s and t h e i r r e c o r d s falsified and interrupted.
" I f one sets ou t to e q u i p a seismological observatory he f i n d s
h i m s e l f o b l i g e d t o instal a l a r g e n u m b e r of instruments. Not
only m u s t t h e s e be of different types, a d a p t e d t o the different
d e g r e e s of intensi ty and character of earthquake motion, but in
many c a s e s at l e a s t two instruments of each type are n e c e s s a r y /
_
since we have two components of horizontal m o t i o n to register,
and the horizontal p e n d u l u m can r e c o r d only one component of
motion."
O m o r i states: " No s i n g l e s e i s m o g r a p h can record clearly
all the different sets of vibrations comprising the e a r t h q u a k e
motion, when the slow component is of l a r g e amplitude. A t
l e a s t two instruments are r e q u i r e d for the horizontal or vertical
motion."
P r o f . Wiechert , in 19o7, invented a seismograph that w o u l d
not only record the far-distant earthquakes of g r e a t intensity, but
also the local earthquakes.
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P r o f . Milne's seismograph of the horizontal pendulum type is
readi ly understood from the accompanying diagram. The mast
is 5o c.m. high, the boom is 12o c.m., or about four feet long. A
wire stay or tie from the masthead supports the boom. The
o t h e r end of the stay is fastened to the stand. A smal l weight
keeps the boom taut. A kni fe edge or steel p o i n t projects from
the bottom of the mast and fits into an aga te cup at the end of
the boom. This insures f reedom of mot ion for the boom so
that it can vibrate horizontally whenever disturbed by an earth-
quake. An inclined mir ror reflects the l ight from a lamp. The
end of the boom has a thin piece of meta l with a hole or slit.
Underneath the mir ror is a box containing a roll of photographic
paper dr iven by a clock. In the top of the box is a smal l slit
directly under the slit in the boom. A beam o.f l ight reflected by
the mir ror through the two slits makes a point on the paper.
When the boom is disturbed by an earthquake it vibrates hor i -
zontally and t races a sinuous line on the photographic paper.
The following illustrations o.f a Bosch-Omori horizontal
pendulum seismograph at the Weather Bureau are taken, together
with his description, from an article on the Omori Seismograph
at the Weather Bureau, by C. F. Marvin, Professor of Meteor-
ology.
THE WEATHER BUREAU SEISMOGRAPH.
" The instrument as set up to photograph is s h o ~ n in Fig. I.
As actually installed in a smal l basement room of the Weather
Bureau, the separate castings are secured to th i ck blocks of stone
cemented firmly into the concrete floor of the building and pro-
jecting but a few inches above the floor level. The heavy casting
A forms the support for the so-called horizontal pendulum
B C D. C is a massive lead weight, r ig idly attached to the
conical t ubu la r rod B, the er~d of which , at B, terminates in a
hardened steel p l u g , hollowed out cup-wise and highly polished.
At this point the pendulum is supported upon a sharp, conical
pointed stud of hardened steel f ixed to the casting .d. The re-
maining support for the pendulum consists of a pair of steel
wires, faintly seen at ze w in the picture~ At the weight end
these are attached to eyes with a knife-formed inside edge and
the re engage two studs that project laterally from the mass C.
At D the wires are united to a stirrup, which at the point opposite
the wires is provided with a bit of hardened steel formed with a
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c u t - s h a p e d r e c e s s and h i g h l y polished. Here the s t i r r u p is sup-
p o r t e d cm a s h a r p , h a r d e n e d s tee l cone a t t a c h e d t o the c a r r i e r E
f o r m i n g the s u m m i t o f the c a s t i n g A. The c a r r i e r E is p r o v i d e d
with s e v e r a l a d j u s t i n g s c r e w s; t h u s , a serves to r a i s e or l o w e r the
FIG, I .
L
: \
\
Bosch-Omori horizontal pendulum smsmograph at the Weather Bureau. F r o m originals fur-
nished by the U. S. Weather Bureau.
w e i g h t C and thus a d j u s t i t to a h o r i z o n t a l position, w h i l e b
c a u s e s the p o i n t at D to move a w a y f r o m o r near to the t o p o f
the c o l u m n , and, finally, a pair o f s c r e w s , one o f w h i c h is seen at
c, g i v e s D a l a t e r a l m o t i o n in the h o r i z o n t a l p l a n e . In s h o r t , the
p e n d u l u m B C D is s u p p o r t e d at B and D on s h a r p s tee l p o i n t s
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and swings therefore with great freedom of motion. I f the
points B and D are rigorously in a vertical line, the pendulum is
in neutral equilibrium and the mass C will then remain at rest in
any position. For practical work, however, a small degree of
stability must be imparted to the mass C, otherwise minute
changes o f temperature and other influences which it is impossible
to control will cause the mass C to wander about from one posi-
tion of rest to another. The desired degree of stability is given
to the pendulum by means o f the screw b and the azimuth o f the
point o f rest is adjusted by the screws c. The degree o f stability
is determined by noting the time of vibration of the mass C,
which can be adjusted to swing as slowly as one complete vibra-
tion in thirty o r forty seconds. A period of twenty-five to thirty
seconds seems to contribute a sufficient stability for practical
work.
The whole object sought in this construction is to secure a
" steady mass," as it is called; that is, a mass that shall remain
quite at rest during an earthquake, notwithstanding that the earth
and the supports for the mass are undergoing appreciable vibra-
tory displacements. The kinetic property of bodies utilized in
this connection is that which gives rise to the so-called a.~:ia o[
instantaneous rotation. Whenever any force is applied in a one-
s ided fashion to move a body all points o f the body will not move
in the same manner, in fact, one point, or a line o f points, will
actually remain sensibly at rest for small displacements. This
point, in mechanics, is called the axis o f instantaneous rotation,
or the c e n t r e o f percussion.
In the case of the pendulum B C D nearly all the mass is
concentrated at C and the result is that the axis of instantaneous
rotation, or, as we shall call it, the steady line, is at a point very
near the centre o f the mass C. Consequently whenever the sup-
port A is displaced horizontally with a vibratory motion, as in
the case of an earthquake, the steady line o f the mass C will
remain at rest for all movements transverse to the plane B C D.
Motion directly in the line o f the s t ru t is communicated, o f course,
to C, but the registering mechanism is so disposed that such
motions produce no record whatever. Al though the mass C is
very largely displaced whenever the support A is tilted even in
the slightest degree in a direction perpendicular to the plane
B C D, results have nevertheless shown that tilting is not an
appreciable feature in earthquake motion, except near the origin
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of the disturbance, or possibly in the case of l a r g e w a v e s . W e
find then that the s t e a d y line of the mass C r e m a i n s relatively
stat ionary d u r i n g an e a r t h q u a k e disturbance, and the m a n n e r of
recording the m o v e m e n t of the e a r t h with respect to this p o i n t is
s h o w n more in detail in F ig . 2.
The m a g n i f y i n g and r e c o r d i n g l e v e r s h o w n a t L is made of
very thin s h e e t a l u m i n u m bent into an inverted trough-shaped
section to s e c u r e stiffness, and is p r o v i d e d with a conical pointed,
h a r d e n e d steel, a x i s , d, w h i c h is centred and c a r r i e d in the s t i r r u p
F w h i c h , in t u r n , is a d j u s t a b l y but firmly at tached to the h e a v y
F I G . 2.
Recording and time-marking devices; original form. From originals furnished by
the U. S. Weather Bureau.
casting C. The s h o r t arm of the lever L is slot ted and e n g a g e s
the s l e n d e r staff f in the m a n n e r s h o w n . The staff f is made of
h a r d e n e d steel, with conical pivot points centred in the s t i r r u p F',
w h i c h is securely at tached t o the mass C in such a posit ion that the
centre of the staff [ lies in the prolongation of the s t e a d y line of
the mass C.
The record is traced on a s h e e t of s m o k e d p a p e r w r a p p e d
a r o u n d the l a r g e cylinder R, Fig. I . In o r d e r that the frict ion
may be r e d u c e d as far as practicable at the t r a c i n g po in t , the
coating of soot is made relatively thin and a p a p e r with a h i g h l y
g l a z e d s u r f a c e is employed. M u c h d e p e n d s also upon the t r a c i n g
point w h i c h is a mere bit of steel, s, pivoted t o the l e v e r in the
m a n n e r s h o w n at I . The d e g r e e of magnification can be a d j u s t e d
to suit by shift ing the c a r r i e r or s t i r r u p F so as to increase or
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shorten the distance between the staff f and the pivot d. Provi-
sion is made for a magnification o f from 5 to 15 times. A io-fold
magnification seems to give about the best results for feeble earth-
quakes.
DOES THE ATTRACTION 0F THE SUN AND MOON MAKE A TIDE IN
THE C R U S T OF THE E A R T H AS WELL AS IN THE OCEAN
According to Lord Kelvin's calculation the combined pull of
the sun and moon is such an enormous attractive force that it
would cause a globe o f steel to yield like I n d i a rubber. Astrono-
mers have been wondering for many years whether this double
attraction was not sufficient to cause a tide in the crust. The gen-
eral opinion seemed to be that the crust was too rigid.
As early as 1837 Antoine d'Abbadie made a series of experi-
ments with spirit levels to ascertain deviations from the vertical.
I-Te failed to establish anything. In 1878 Lord Kelvin tried. He
used a long pendulum and a small galvanometer mirror. Twenty-
five years ago Sir George D a r w i n and his brother Horace made
an effort to measure the rise and fall of a certain point on the
earth's surface under the attraction of the moon. All o f these
experiments failed to prove that there was a crustal tide.
It now seems as if patient efforts were crowne:d with success.
It is alleged that P r o f . H,~ker, of the Prussian Geodetical Insti-
tute, has been experimenting for more than four years to prove
there is a tide in the crust. Sir George D a r w i n is made to say
in a special cablegram that " Dr. Hecker's apparatus is in a cham-
ber cut out of the side of a wall 8o feet below the earth's surface,
and he has continued to make observations by means of photog-
raphy day and night for six years. It is from these observations
that it is possible to determine how stiff the earth is. It is just
about as stiff as if made from steel. If it were made from steel it
would move up and down one-third as much as if liquid through-
out."
Dr. Hecker's alleged explanation is : " When a ship mounts
the crest of a wave the masts lean backward and a plummet
hanging from the top of the mast will always swing from the
base. Likewise if you suspend a plummet from a peak or column
standing firmly on the surface of the earth, the plummet will
oscillate as a tidal wave rolls along the land. If we use Von
Rebeur's horizontal pendulum we are capable of recording oscil-
lations up to a one twenty-five thousandth o f an inch."
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It is said that the land rises and falls between 7 and 8 inches
twice a day. Flammarion states that " P r o f . Hecker's experi-
ments were made 8o feet below the ground by an apparatus of
extreme precision made of two horizontal pendulums and that the
deviations that had to be measured did not as a rule exceed one
hundredth o f a second of an arc. At the extremity o f a pendulum
one meter in length they produce movements which measure only
a few hundred thousandths of a millimeter. In o ther words, they
are imperceptible. How could one amplify them to make them
visible ? By the mode of suspension of the pendulum, by mirrors
reflecting in the distance one luminous point and recording pho-
tographically the image on a cylinder. It is thus that waves are
recorded twice a day like those o f the ocean tides. These waves
have been examined hour by hour and eventually those were
recognized which were due to solar attraction and those caused
by lunar attraction."
The writer knows that about IO years ago P r o f . Milne stated
that no ir~struments have as yet revealed a tide in the crust, but
that delicate instruments would some day show that there was a
land wave of about one inch in 3oo miles, but that it would be
insignificant compared to earthquake pulsations.
This discovery that the earth's c rus t yields to the attractive
force of the sun and moon and is actually lifted a couple of inches
is o f great interest and importance in the s tudy of seismology.
It may be a determining factor in the production o f earthquakes,
not necessarily the cause, but it may determine sometimes the
time of an earthquake. For example, suppose the stra ta are
subjected to enormous stress and tension and are about to break
and form a fault , or suppose the fault already formed and the
wall even recemented in the past, and then, owing to enormous
stress or strain, the walls are about to part and slide either
vertically o r horizontally. The combined pull o f the sun and
moon may determine the time when it will occur, that is, when
the stra ta will break or when the wails of the fissure will slide.
It does not produce the earthquake, but determines the time it
takes place.
As Le Conte aptly said years ago, it is the last s t raw that
breaks the camel's back. I f we are ever able to predict earth-
quakes with any degree of certainty, which is extremely doubtful;
this recent discovery will be a pr ime factor in solving the problem.
